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Title 

Electrostatic discharge protection circuit with high 

triggering voltage 

BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to an electrostatic 
discharge circuit (ESD) with high triggering discharge 
10 providing good ESD protection and avoiding the latch up 
effect. 

=1 Description of the Related Art 

±j Generally, in order to protect semiconductor chips 

[jf from damage caused by high voltage generated from contact 
i£g with objects with electrostatic charge (ESD) during the 
: manufacturing process, there is an ESD protection circuit 
fy configured between the output port of the chip and the 
1* power supply port. Per requirement of the circuit, the ESD 
rg protection circuit should remain in an open state through 
2b rP normal operation so that the power supply port and the 
output/input port maintain normal functioning. It is only 
when the ESD occurs at an end of the ESD protection circuit 
that the circuit is in a short state for dissipating the 
ESD current to protect the internal circuit of the 
25 semiconductor chips. 

The conventional ESD protection circuit can be 
divided into two categories. One features a bipolar 
transistor and the other utilizes the semiconductor control 
rectifier, SCR, as the primary component. 
30 The bipolar junction transistor (BJT) usually 

consists of parasitic BJT of the source/substrate/drain of 
the MOS transistor at the output port. Since the output 
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port of the MOS transistor requires extremely high driving 
forces, the parasitic BJT must be able to disperse large 
35 amounts of current when an ESD event takes place. However, 
for the ESD protection circuit between the input port and 
the power supply circuit, such a utility will result in a 
substantial increase in transistor size. Moreover, the 
holding voltage of the BJT is conventionally large, higher 
40 than approximately 7 volts. Therefore, a large ESD current 
will generate very high temperature in the BJT. If the ESD 
current only passes through part of the MOS transistor, the 
MOS transistor is easily overloaded and impaired. Thus, it 
is difficult to design an ESD protection circuit using BJT. 
% %s The ESD protection circuits at present mostly feature 

if an SCR and have advantages of low holding voltage (app. 1.6 

S J voltage), low triggering current and small size. 

yi Nevertheless, such an ESD protection circuit design has 

%3 problems when undergoing ESD electromagnetic comparability 

[ L 50 (EMC) tests at the system-level. During the test, the ESD 

FU current at the output port is actually dissipated by SCR. 

i;1 However, if the voltage of the output port is close to 3 

C3 volts before the EMC/ESD test, then, after the EMC/ESD 

test, the SCR will hold the potential at the I/O port to 
55 the holding potential (app. 1.6 volt). This will result in 
the suspension of the whole system, may even burn a part of 
the semiconductor chip. 

SUMMARY OF THE INVENTION 

60 Therefore, in order to solve the above -described 

problems, an object of the present invention is to provide 
an ESD protection circuit with high triggering current, 
having the advantages of low holding voltage and high 
triggering current and using a very small area of 

65 semiconductor chips . 
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The present invention achieves the above -indicated 
objects by providing an ESD protection circuit with high 
triggering current. The ESD protection circuit of the 
present invention is electrically coupled to a coupling 
70 node and a reference potential for dissipating the 

electrostatic current at the node. The ESD protection 
circuit comprises a substrate having a first conductivity 
type, a well region having a second conductivity type, a 
first doping region having the first conductivity type, and 
75 a second doping region having the second conductivity type. 
The substrate is coupled to said reference potential, the 
well region is formed on the substrate and electrically 
%j coupled to the node, the first doping region is 
'"-4 electrically floated on the surface of the well region, and 
8jr the second doping region is disposed on the substrate and 
fy electrically coupled to said reference potential. 
'J Moreover, the electrostatic discharge current of the node 
s provides a voltage with sufficient magnitude to breakdown 

l~l the conjunction interface between the well region and the 
8§j substrate, also triggering a BJT comprising the well 
!L5 region, substrate and the second doping region for 
C3 dissipating the electrostatic discharge current. The first 
doping region, when its electrostatic discharge current is 
greater than a predetermined current, reduces the potential 
90 difference between the node and the reference potential. 

The present invention provides a second ESD protection 
circuit with high triggering voltage, coupled to a node and 
a reference voltage, for dissipating the electrostatic 
current generated from the node. The electrostatic 
95 discharge protection circuit of the present invention 

comprises a BJT and a first doping region having the first 
conductivity type. The BJT comprises an emitter, a base 
and a collector, wherein, the emitter and the base are 
electrically coupled to the reference potential, and the 
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100 collector comprised of a collector region with a second 

conductivity type is electrically coupled to the node. The 
first doping region having a first conductivity type is 
floated in the collector region and forms a conjunction 
interface with the collector region. The first doping 
105 region, when the electrostatic discharge current is greater 
than a predetermined current, reduces the potential 
difference between said node and said reference potential. 

When an ESD event takes place at the node, the 
junction interface between the base and the collector 
no breaks down first which consequently triggers the BJT, and 
holds the potential at the node at the first holding 
O potential. If the current keeps increasing till it reaches 
a predetermined value, the electrically floated first 
doping region will be activated on taking part on 
lisl maintaining the holding potential of the node at a even 
H lower second holding potential. The first holding potential 
s " and the predetermined potential may be adjusted with 
accordance to the circuit configuration, and the second 
ril holding potential is kept at approximately 1.6 volt. 

i2fh Similarly, the present invention provides a third 

electrostatic discharge protection circuit with high 
trigger current, electrically coupled to a node and a 
reference potential for dissipating the electrostatic 
voltage formed at said nodO . The electrostatic discharge 

125 protection circuit comprises a base having a first 
conductivity type, a well region having a second 
conductivity type, a first doping region having said first 
conductivity type and a second doping region having said 
second conductivity type. The base is electrically coupled 

130 to the reference potential, the well region is formed on 
the substrate and electrically coupled to the node, the 
first doping region is electrically floated on the well 
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region and electrically coupled to the node and the second 
doping region is electrically floated on the base. 

The present invention further provides a fourth 
electrostatic discharge protection circuit with high 
5 trigger current, electrically coupled to a node and a 
reference potential for dissipating the electrostatic 
voltage formed at said node. The electrostatic discharge 
protection circuit comprises a BJT and a second doping 
region with the second conductivity type. The BJT 

10 comprises an emitter, a base and a collector, wherein, the 
emitter and the base are electrically coupled to the node, 
O the collector is comprised of a collector region with a 
first conductivity type and electrically coupled to said 
=S reference potential, and the second doping region is 
if: floated in the collector region, and forms a conjunction 
O interface with the region. If the first conductivity type 
is an n-type, the second conductivity type is p-type; 
1=^ similarly, if the first conductivity type is p-type, the 
f!l second conductivity type is n-type. 
26^ One advantage of the ESD protection circuit of the 

present invention is miniaturized size. Because the second 
holding potential is very low, the energy wasted in the 
circuit is reduced to minimum, hence the area held by the 
ESD protection circuit can be reduced while lessening the 
25 chance of blowing the components. 

The second advantage of the present invention is that 
there will be no latching-up incident during EMC/ESD 
testing. As long as the first holding potential is greater 
than the potential at normal condition, and the 
30 predetermined potential is greater than the maximum current 
at EMC/ESD testing, latching-up will not take place during 
the EMC/ESD testing. 

These and further features, aspects and advantages of 
the present invention, as well as the structure and 
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operation of various embodiments thereof, will become 
readily apparent with reference to the following detailed 
description of a presently preferred, but nonetheless 
illustrative embodiment when read in conjunction with the 
5 accompanying drawings, in which like reference numbers 
indicate identical or functionally similar elements 
throughout the enumerated Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

io The drawings referred to herein will be understood 

as not being drawn to scale except if specially noted, the 
emphasis instead being placed upon illustrating the 
principles of the present invention. In the accompanying 
drawing: 

i§~ FIG.l is the schematic sectional diagrams of the ESD 
F LI protection circuit of the first embodiment of the ESD 
*Z_ protection circuit of the present invention. 

s FIG.2A to FIG.2B are the schematic circuit diagrams of the 
p== ESD protection circuit in FIG.l. 
2§y FIG. 3 shows the IV curves derived from the ESD protection 
circuit in FIG.l and the conventional SCR ESD protection 
Q circuit. 

FIG. 4 illustrates the IV curves of experimental 
measurements of different distances between the first 
25 doping region and the third doping region. 

FIG.5A and FIG.5B illustrate the second and the third 
embodiment of the ESD protection circuit of the present 
invention . 

FIG.6A to FIG.6C illustrate the fourth embodiment of the 
30 ESD protection circuit of the present invention. 

FIG.7A is the fifth embodiment of the ESD protection 
circuit of the present invention. 

FIG.7B is the schematic circuit diagram of FIG.7A. 
FIG. 8 represents an embodiment of the ESD protection 
35 circuit of the present invention wherein the first 
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conductivity type is a n-type and the second conductivity 
type is a p- type . 

FIG. 9 is an embodiment of the ESD circuit of the present 
invention wherein the floating region is disposed in the 
5 substrate. 

FIG.10A and FIG . 1 OB are the equivalent diagrams of FIG. 9 
FIG.11A and FIG.11B illustrate the two embodiments on which 
decrease the triggering voltage of the ESD protection 
circuit in FIG. 9. 
10 FIG.12A and FIG.12B illustrate the two embodiments which 
decrease the triggering voltage of the ESD protect circuit 
in FIG. 9. 

^ FIG.13A to FIG.13D illustrate the embodiments wherein the 
%j well region and the substrate region are formed on the p- 
i?! type sixth dopin region. 

fy FIG. 14 illustrate an embodiment of the present invention 
*t s wherein the first conductivity type is an n-type and the 
s second conductivity type is a p-type. 

2pi! 

j 3 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

O Reference is now made in detail to an embodiment of 

the present invention that illustrates the best mode 
presently contemplated by the inventor (s) for practicing 
25 the present invention. Other embodiments are also described 
herein . 

FIG.l represents a sectional schematic semiconductor 
diagram of the ESD protection circuit of the present 
invention. The present invention provides an ESD 

30 protection circuit for dissipating the ESD current formed 
at the node 10 to a reference potential, denoted as Vss in 
the present invention. The ESD protection circuit 

comprises a substrate 12 of a first conductive type, a well 
region 14 of a second conductive type, a first doping 

35 region 16 of the first conductive type, a second doping 
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region 18 of the second conductive type, a third doping 
region 2 0 of the second conductive type and the forth 
doping region 22 of the first conductive type. To simplify 
the following description, the first conductive type is 
denoted as the P-type, and the second conductive type is 
denoted as the n-type. The substrate 12 is electrically 
coupled to the reference potential Vss via the forth doping 
region 22. In other words, the forth region coupled to the 
reference potential Vss is disposed on the surface of the 
base 12 as the ohmic connection of the substrate 12 . 
Similarly, the well region 14 is electrically coupled to 
the node 10 via the third doping region 20. The first 
doping region 16 is electrically floated on the surface of 
the well region 14. The first doping region 16, the well 
region 14 and the substrate 12 thus form a vertical pnp 
Bipolar junction transistor (BJT) . The second doping 
region 18 is formed on the surface of the substrate 12, and 
electrically coupled to the reference potential Vss. The 
well 14, the base 12 and the second doping region 18 thus 
form a lateral npn BJT. The substrate 12 comprises a 
parasitic resistor R-sub, and similarly, the well region 
comprises a parasitic R-well resistor, as shown in FIG.l. 

Refer to FIg.2A and 2B, both representing the schematic 
diagram shown in FIG.l. The well region 14, the substrate 
12 and the second doping region 18 form the collector, the 
base, and the emitter of a lateral npn BJT, respectively. 
The collector is electrically coupled to node 10 via the R- 
well resistor, the base is electrically coupled to the 
reference potential Vss via the R-sub resistor and the 
emitter is electrically coupled to the reference potential 
Vss directly. The collector and base of the vertical pnp 
BJT are electrically coupled to the base and collector of 
the lateral npn BJT. Furthermore, the emitter of the 
vertical pnp BJT is not coupled to any node and therefore 
is in a floating state as shown in FIG. 2A. On the other 
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hand, there is a reversed diode between the resistor R-well 
and the emitter of the vertical pnp BJT as shown in FIG.2B. 

FIG. 3 is an IV curve of the ESD protection circuit 
shown in FIG.l and a conventional ESD circuit. In FIG. 3, 
the continuous line represents the IV curve of the ESD 
protection circuit shown in FIG.l. When the first doping 
area 16 in FIG.l is electrically coupled to node 10 , the 
whole circuit becomes a conventional ESD protection circuit 
with a conventional SCR. The dotted line represents the IV 
curve of the conventional ESD protection circuit shall not 
be described further herein. The distinctions between the 
IV curves derived from the ESD protection circuit of the 
present invention and the conventional ESD protection 
circuit are explained with the segregated sections I, II, 
III and IV as shown in FIG. 3. 

As with the IV curve of the conventional ESD 
protection circuit with the conventional SCR, in section I, 
when potential at the node 10 reaches a breakdown 
voltage (that is the trigger potential V t ) at the interface 
between well region 14 and substrate 12, the lateral pnp 
BJT is triggered by the leakage current at the interface, 
and thus the current is increased along with the input 
voltage. The physics principle behind section II is yet to 
be explained, but one possibility is that the first doping 
region 16 and the third doping region 2 0 begin to be 
connected and form a parasitic SCR with a current gain jS 
less than 1. Thus, the potential at node 10 is held to a 
first holding potential Vhl , as shown in section II. 

When holding at potential Vhl, there is only one 
conductive lateral npn BJT, in contrast to the two 
conductive BJTs of the conventional SCR. As a result, the 
first holding potential Vhl is greater than the holding 
potential Vh-SCR of the conventional SCR. 

Furthermore, when the current is greater than a 
predetermined current IL, the well region 14 forms a high 
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injection status. In other words, the concentration product 
of electrons and holes in well region 14 is greater than 
the square of the intrinsic concentration. In the mean 
time, great amounts of electrons and holes are formed on 
the interface between the first doping region 16 and well 
region 14. Thereby, the electrically insulating function 
is eventually diminished. The current gain jS of the 
parasitic SCR approaches 1 while the voltage at pad 10 is 
gets lower, as shown the section III in FIG. 3. When a 
great amount of the current floats through the well region 
14 toward the first doping region 16, the voltage 
difference between the first doping region 16 and the well 
region 14 could become greater than 0.7 volt, thus 
triggering the conductivity of the transistor of the 
vertical pnp BJT. Under the condition that both pnp BJT 
and npn BJT are conductive, the ESD protection circuit of 
the present invention may hold the potential at node 10 to 
a very low second hold potential, about 1.6 volt as shown 
in the IV section. The predetermined current IL at section 
III can be controlled according to experiments or layout 
design . 

FIG. 4 is a schematic graph according to 4 sets of 
experimental data. Referring to the graph, the curves 
generated from the 4 experimental data sets are LI, L2 , L3 
and L4, respectively. The distances from the first doping 
region 16 to the third doping region 20 of the ESD 
protection circuit generating curves LI, L2 and L3 are 1 fi 
m, 2//m and 3//m, respectively. The curve L4 is the result 
of the ESD circuit with no the first doping region 16. 
Obviously, the curve L4 is an IV curve of the collector of 
a BJT with its emitter and the base connected the ground. 
The tendencies of curves LI to L3 are explained as follows. 
When the first doping region 16 and the floated third 
doping region 20 are getting further apart, the chances 
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that the first doping region 16 and the third doping region 
2 0 are connected become smaller. In other words, more 
current is needed to link the first doping region 16 to the 
third doping region 20, as shown at the right side of 
5 FIG. 4. Similarly, when the distance between the first 
doping region 16 and the floated third doping region 20 is 
getting further apart, the R-well is getting larger and the 
smaller current is needed to let the voltage difference 
between the first doping region 16 and the third doping 
10 region 20 reach 0.7 voltage in order to trigger SCR, as 
shown in the left side of FIG. 4. 

In the ESD protection circuit of the present 
£3 invention, there are two controllable parameters, the first 
I j holding potential Vhl and the predetermined current IL. 
15^ One ideal condition suggested is to let the first holding 
fij potential Vhl become greater than the supply voltage 
^ sustaining the normal operation of the integrated circuit 
_. (IC) , and set IL between the maximum current of EMC/ESD 

testing and the general ESD testing current. Thus, when 
2 bQ performing the EMC/ESD testing, the ESD protection circuit 
li of the present invention releases the ESD current via 
□ section I and section II. Moreover, after the EMC/ESD 
testing, the supply potential will be smaller than the 
first holding potential Vhl, and the ESD protection circuit 
25 will return to the off state as a result. Thus, when 
performing the general ESD testing for the human body mode 
and the machine mode, a substantial amount of current is 
released through section IV of the IV curve for providing 
good ESD protection. 
30 FIG.5A and FIG.5B are the ESD protection circuits of 

the second and the third embodiments of the present 
invention for reducing the triggering potential Vt . An n- 
type fifth doping region 28 is disposed on the interface 
formed by the well region 14 and the base 12 . Because the 
35 doping concentration of the fifth doping region 28 is 
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relatively greater than that of the well region 14, the 
breakdown voltage of the pn connecting junction formed by 
the fifth doping region 2 8 is low. Thus, the triggering 
voltage Vt of the whole ESD protection circuit is 

5 consequently reduced. In FIG.5B, there is an additional 
field oxide layer 30 on the surface of base 12 adjacent to 
the fifth doping region 28. The local region of substrate 
12 below the field oxide layer 30 is usually doped heavier 
to form a channel stopper. As a result, the breakdown 
10 voltage of the pn connecting junction formed by the edge of 
field oxide layer 30 and the fifth doping region 28 will 
become lower; consequently, the triggering voltage Vt will 

*i 9 et lower as well. 

FIG.6A is the fourth embodiment of the ESD protection 
13! circuit of the present invention. The ESD protection 

fy circuit of the present invention further comprises a MOS 
transistor Ml. Ml is located on substrate 12, comprised of 

3 a gate and two source/drain electrodes. 

l~ In the fourth embodiment, one source/drain electrode 

2foi is electrically coupled to the well region 14, and the 
ft other source/drain electrode and the gate are electrically 
O coupled to reference voltage VSS. One source/drain 

electrode of Ml may consist of the fifth doping region 28 
and the other source/drain consist of the second doping 
25 region 18 as shown in FIG.6A. FIG.6B and FIG.6C are the 
equivalent circuit diagrams of FIB.6A. There are two ways 
to express the source/drain of Ml in circuit. Referring to 
FIG.6B, one is to form a direct linkage to node 10. 
Referring to FIG.6C, the other is to electrically couple to 
30 node 10 via resistor R-well . The fact that Ml reduces the 
triggering voltage Vt is generally know in the conventional 
art, shall not be further described here. 

FIG. 7A is the fifth embodiment of the present 
invention. FIG.7B is the schematic circuit diagram of 
35 FIG.7A. A RC delaying circuit is used to judge the ESD 
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event and subsequently bias the gate of Ml for triggering 
the ESD protection circuit. The ESD protection circuit 
further comprises a resistor RG and a capacitor CG 
connected in series. The two ends of resistor RG are 

5 respectively electrically coupled to the gate of Ml and 
reference potential VSS . The two ends of capacitor CG are 
respectively electrically coupled to the gate of Ml and 
node 10. The circuit diagram shown in FIG.7B is simply to 
add an extra RC delaying circuit on the circuit shown in 
10 either FIG.6B or FIG.6C. When an ESD event occurs at node 
10, because of the electrically coupling effect, the gate 
potential of Ml is going to increase, further resulting in 

O an early triggering of the lateral npn BFT to discharge the 
ESD current . 

15=; Generally, whether the first conductivity type should 

ry be an n-type or p-type semiconductor can be the decision of 
^ the engineer. FIG.l to FIG. 7 show embodiments wherein the 
s first conductivity type is p-type and the second 

iZ conductivity type is n-type. FIG. 8 shows an embodiment 

2py wherein the first conductivity type is n-type and the 
second conductivity type is p-type. As shown in FIG. 8, the 
[3 ESD protection circuit is comprised of an n-type substrate 
12b, a p-type well region 14b, an n-type first doping 
region 16b, a p-type second doping region 18b, an n-type 
25 third doping region 2 0b and an n-type forth doping region 
22b. The first doping region 16b, well region 14b and 
substrate 12b form a npn B JT . The well region 14b, 
substrate 12b and the second doping region 18b form a pnp 
BJT. The first doping region remains floated. The well 
30 region 14b is coupled to node 10b through the third doping 
region 2 0b. The second doping region 18b is coupled to a 
reference potential VDD . The substrate 12b is coupled to 
the reference voltage VDD through the forth doping region 
22b. With such an arrangement, the embodiment of the 




13 



Client's Ref . : 88-^^B2000/l2/l8 

Our File : 04 92 -5 089^F/HUI 

present invention achieves the requirement for the ESD 
protection circuit . 

The present invention further provides an ESD 
protection circuit with a collector region having the 
5 addition of a floated region with the opposite electrical 
conductivity type as shown in FIG. 9. The ESD protection 
circuit of the present invention is coupled to a node 40 
and a reference potential VSS for releasing the ESD current 
from node 40. The ESD protection circuit comprises a p- 
10 type substrate 42, a n-type well region 44, a p-type first 
doping region 46, an type second doping region 48, an n- 
type third doping region 5 0 and a p-type forth doping 
O region 52. Substrate 42 is electrically coupled to the 
G reference potential VSS through the ohmic contact formed by 
15^ the forth doping region 52 . Well region 44 is deposited on 
?ij substrate 42 and electrically coupled to node 40. The 
first doping region 46 is deposited on the surface of well 
s region 44, and is electrically coupled to node 40 through 
the ohmic contact formed by the third doping region 50. 
2py The third doping region 48 is electrically floated on base 
^ 42. The first doping region 46, well region 44 and 
□ substrate 42 form the emitter, base and collector of a pnp 
BJT respectively. Hence, base 42 is also called the 
collector region. The second doping region 48 is 

25 electrically floated in the collector region, and forms a 
PN junction with the collector region. FIG.10A and FIG. 
10B are the equivalent circuits of the diagram shown in 
FIG. 9, such that the ESD protection circuit can achieve the 
IV curve shown in Fig . 3 . The resulting effect has been 
30 explained in the previous embodiment and thus will not 
described further . 

There can be numerous modification made to the ESD 
protection circuit in FIG. 9 for decreasing the triggering 
voltage Vt of the ESD protection circuit. A few types of 
35 modifications are described as followed. The first kind of 
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modification is forming an n-type fifth doping region 58 on 
the PN junction formed by well region 44 and substrate 42, 
as shown in FIG.11A. Since the fifth doping region is 
doped heavier, the breakdown voltage at the PN junction 
5 formed hereby is lower. The second modification type is to 
form a field oxide 60 beside the fifth doping region 58, as 
shown in FIG.11B. Since the substrate 42 beneath the field 
oxide 60 is usually doped heavier, the breakdown voltage at 
the edge of the field oxide 6 0 gets even lower. The third 
10 kind of modification is forming an n-type MOS transistor on 
base 42 as shown in FIG. 12. Gate 62 of the n-type MOS 
transistor is coupled to the reference voltage VSS. The 
H fifth doping region as the source/drain is coupled to node 
G 40 through well region 44. It is widely known to the 
isr people skilled in the art that the breakdown voltage of the 
r[j source/drain of the n-type MOS transistor with respect to 
k i the substrate is lower than that of the well region 44 with 
£ respect to substrate 42. The configuration shown in 

iZ FIG.12A can thus reduce the triggering voltage of the ESD 
2 PJ protection circuit. Alternatively, gate 60 of the n-type 
Vz MOS transistor may link to the reference voltage VSS 
C3 through a resistor RG indirectly. Additionally, a 

capacitor may be configured between gate 62 and node 40 as 
shown in FIG.12B. The RC circuit formed by capacitor CG 
25 and resistor RG may be applied on detecting the ESD event 
at node 40, as well as providing a voltage on gate 62 for 
triggering the ESD protection circuit. 

Referring to FIG.13A, the n-type fifth doping region 
58 in either FIG.12A or 12B is replaced with a p-type sixth 
30 doping region 78 under the condition that the effect of 
lowering the triggering voltage of the ESD protection 
circuit remains unchanged. 

The p-type in the sixth doping region 78 is doped 
heavier than substrate 42. Therefore, the breakdown 

35 voltage at the PN junction formed by the sixth doping 
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region 78 and well region 44 is lower than the breakdown 
voltage of the PN junction formed by substrate 42 and well 
region 44. Likewise, a field oxide can also be deposited 
on well region 44 adjacent to the sixth doping region 78, 
5 as shown in FIG.13B. The well region 44b beneath the field 
oxide layer 60 normally is doped heavier to form a channel 
stopper, so that the breakdown voltage of the pn junction 
at the edge of the field oxide is lower than that formed by 
the surface of well region 44 and the substrate 42. A p- 
10 type MOS formed at well region 44, as shown in FIG.13C, may 
also lower the triggering voltage of the ESD protection 
circuit. Referring to FIG. 13C, gate 72 of the p-type MOS 
l Z is coupled to node 40, and the two source/drain electrodes 
are respectively constructed by the first doping region 46 
i|1 and the second doping region 78. RC delay circuit may also 
FLl be placed into the circuit shown in FIG.3C as the detector 
"2 for the ESD event. The gate 72 of the p-type MOS transistor 
5 is coupled to node 40 through a resistor RG. Additionally, 
l" ri between the gate 72 of the p-type MOS transistor and 
2&U reference voltage VSS, a capacitor CG may be disposed. 

Once the ESD event starts to take place, the gate of the p- 
E3 type MOS transistor is coupled to capacitor CG that 
triggers the whole ESD protection circuit. 

Again, whether the first conductivity type is n-type 
25 or a p-type depends on the discretion of the engineer. 

FIG. 9 to FIG. 13 illustrate the embodiment wherein the 
first conductivity type is p-type and the second 
conductivity type is n-type. In comparison, FIG. 14 is the 
embodiment wherein the first conductivity type is n-type 
30 and the second conductivity type is p-type. Referring to 
FIG. 14, the embodiment of the present invention comprises a 
n-type substrate 42b, a p-type well region 44b, an n-type 
first doping region 46b, a p-type second doping region 48b, 
a p-type third doping region 50b, and an n-type forth 
35 doping region 52b. The first doping region 46b, well 
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region 44b and the substrate 42b form an npn BJT. Well 
region 44b, substrate 42b and the second doping region 48b 
form a pnp BJT. The second doping region 48b remains 
electrically floated, while well region 46b is coupled to 

5 node 40b through the third doping region 50b, the first 
doping region 46b is coupled to node 40b and substrate 42b 
is coupled to reference potential VDD through the forth 
doping region 52b. 

Generally, the present invention provides an ESD 
10 protection circuit constituted mainly of a BJT. The BJT 
can be either a npn BJT or a pnp BJT. It achieves the 
reduction of the holding potential at the high current by 

O disposing a floating area in the collector of the BJT 

Q having the opposite conductivity type of the collector. 
15 s : Compared to the conventional ESD protection circuit 

TU constituted mainly of SCR, the first holding potential Vhl 
of the present invention is higher than the supply voltage. 

s It can thus eliminate the latching problem faced by 

J" conventional ESD protection circuit constituted of SCR. 
2pJ Compared to the conventional ESD protection circuit 
constituted of BJT, the present invention provides a 

C3 floated first doping area in the collector of the lateral 
npn transistor, such that a rather low second holding 
potential can be obtained when proceeding high voltage ESD 
25 testing. 

The ESD protection circuit of the present invention 
reduces the energy consumption, miniaturizes the transistor 
size, and saves cost. 

While the invention has been described by way of 

30 example and in terms of the preferred embodiment, it is to 
be understood that the invention is not limited to the 
disclosed embodiments. On the contrary, it is intended to 
cover various modifications and similar arrangements as 
would be apparent to those skilled in the art. Similarly, 

35 any process steps described herein may be interchangeable 
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with other steps in order to achieve the same result. 
Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass all 
such modifications and similar arrangements, which is 
defined by the following claims and their equivalents. 
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